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[57] ABSTRACT

New 6-phenyldihydro-3(2H)-pyridazinones
sponding to the following general formula

COrre-~

are described. These compounds are readily prepared in
a form suitable for oral administration and are distin-
guished by a high positive inotropic action and have
only a slight effect on blood pressure and cardiac fre-
quency. A process for their preparation and pharmaceu-
tical preparations containing these compounds are also
described.
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PIPERAZINE SUBSTITUTED
6-PHENYLDIHYDRO-3(2ZH)-PYRIDAZINONES,
AND PHARMACEUTICAL PREPARATIONS
CONTAINING THESE

DESCRIPTION

Digitalis glycosides such as digoxin and digitoxin and
sympathomimetic drugs have for many years been the
only medicaments available for the treatment of cardiac
insufficiency. The disadvantages of these substances,
such as their undesirable chronotropic and arrhythmo-
genic side effects, tachyphylaxis and, in the case of the
sympathomimetic drugs, their lack of availability in a
form suitable for oral administration, led to an intensive
search for new classes of compounds havmg a positive
inotropic action.

In the course of this search, substances Wlth a positive
inotropic action have been found in the series of 3(2H)-
pyridazinones, as, for example, pimobendane (DE-OS
28 37 161) or imazodane (EP-OS 0 075 436).

On the other hand, some substituted 6-phenyl-3(2H)-
pyridazinones have only been described as having anti-
hypertensive or antithrombotic actions (DE-OS 21 30
436, DE-OS 22 07 517, U.S. Pat. No. 4,624,951).

It was an object of the present invention to provide
new substituted 6-phenyldihydro-3-(2H)-pyridazinones
which would combine a satisfactory antihypertensive
action with a highly positive inotropic action and would
be obtainable in a suitable form for oral administration.

This invention relates to substituted 6-phenyldihy-

dro-3(2H)-pyridazinones correSpondmg to the general
formula 1

(I)

wherein
R1denotes a nitro group, an amino group, a hydroxyl
group, a cyano group or a halogen atom,
R2 stands for a hydrogen atom, a methyl group or a
hydroxymethyl group and
A stands for a group of the formula

R3=N N-—, R3=~NH-(CH>),—NH,
\ /
(CH2)m
HN CH;CH;CH;NH—
R? N=— or é g
N
wherein

R3 denotes a2 hydrogen atom, a C; to Cg¢ alkyl group
optionally substituted with an amino or hydroxyl
group, an optionally substituted aryl or heteroaryl
group, a cyano group, an acyl group, an optionally
substituted aroyl group, a carboxyl group ora Cj to
C¢ alkoxycarbonyl group, m stands for an integer
with a value from 1 to 3 and n stands for an integer
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with a value from 2 to 4, and the physiologically
acceptable salts thereof.

In the general formula I, the group denoted by Rl,
which is preferably attached in the meta position relat-
ing to the pyridazinone ring is a nitro group, an amino
group, a hydroxyl group, a cyano group or a halogen
atom, for example a fluorine, chlorine or bromine atom,
preferably a fluorine or chlorine atom. Compounds in
which R! stands for a nitro or amino group and Rl is
attached in the meta position relating to the pyridazi-
none ring are particularly preferred.

R2 denotes a hydrogen atom, a methyl group or a
hydroxymethyl group, preferably a methyl group.

A stands for a group denoted by one of the following
formulae.

R3—N N—, R3~NH-~(CH>3),,—NH,
\ /
(CH2)m
HN CH>,CH;CH;NH—
R’ N— or @ g
° N

In the groups shown above, R3 stands for a hydrogen
atom or for a C; to C¢alkyl group optionally substituted
with an amino or hydroxy group, preferably a Cito Cs
alkyl group. The C; to Cgalkyl group may be, for exam-
ple, the methyl, ethyl, n-propyl, isopropyl and n-butyl
group. When the C;j to Cgalkyl group is substituted, the
substituent is preferably in the end position.

R3 may also stand for an aryl or heteroaryl group
which may be substituted with one or two halogen
atoms, for example with fluorine, chlorine or bromine
atoms, or with one or two C; to C3z alkyl groups such as
methyl, ethyl or propyl groups or with one or two Cj to
C; alkoxy groups such as methoxy or ethoxy groups.
Examples of aryl groups include the phenyl group and
the naphthyl group, the phenyl group being preferred.
Examples of heteroaryl groups include the furanyi,
thiophenyl, imidazolyl, pyridyl and pyrimidinyl group,
the imidazolyl, pyridyl and pyrimidinyl group being
preferred.

R3 may also stand for a cyano group, a Ci to Cs acyl
group, for example a formyl, acetyl or propionyl group,
an aroyl group, for example a benzoyl group which is
optionally substituted with one or more, for example
two, halogen atoms or with C1 to C; alkyl groups or C;
to C; alkoxy groups. Specific examples of the substitu-
ents on the aroyl groups are the special groups and
atoms mentioned above as substituents on the aryl or
heteroaryl group.

Lastly, R3 may denote a carboxyl group or a Ci to Cg
alkoxycarbonyl group, for example a methoxycarbonyl,
ethoxycarbonyl or tert.-butoxycarbonyl group, the
ethoxycarbonyl group being preferred. The number
denoted by m is in all cases an integer with a value from
1 to 3, preferably 2 while n has the value 2, 3 or 4,
preferably 2 or 3.

A preferred group of compounds accordlng to the
present invention is characterised in that R! in the gen-
eral formula I stands for a nitro group, an amino group,
a hydroxyl group, 2 cyano group or a halogen atom, in
particular a nitro or amino group, R2 stands for a hydro-
gen atom, a methyl group or a hydroxymethyl group,
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the methyl group being preferred, and A stands for a
group of the formula

R3—N N—
\ /
(CH2)m

wherein R3 denotes a hydrogen atom, a C; to Cg alkyl
group optionally substituted with an amino or hydroxyl
group, in particular a 2-aminoethyl! or 3-aminopropyl
group, an optionally substituted aryl or heteroaryl
group, a cyano group, an acyl group, an optionally
substituted aroyl group or a C;i to Cg¢ alkoxycarbonyl
group, in particular a methoxycarbonyl or ethoxycarbo-

nyl group, and m has a value from 1 to 3, preferably the
value 2.

Another preferred group of cempounds according to
the present invention is characterised in that in the gen-
eral formula I, R! stands for a nitro group, an amino
group, a hydroxyl group, a cyano group or a halogen
atom, R2denotes a hydrogen atom or a methyl group, A
stands for a group of the formula R3—NH-—(CH,.
)n—NH wherein R? denotes a hydrogen atom, an op-
tionally substituted aryl or heteroaryl group, an acyl
group, an optionally substituted aroyl group or a Cj o
Ce alkoxycarbonyl group, and n has a value from 2 o 4,
preferably the value 2 or 3.

Yet another preferred group of compounds accord-
ing to the invention is characterised in that in the gen-
eral formula I, R! stands for a nitro group, an amino
group, a hydroxyl group, a cyanc group or a halogen
atom, R< denotes a hydrogen atom or a methyl group
and A stands for a group of the formula

wherein RJ stands for a C1 to Cg alkyl group optionally
substituted with an amino or hydroxyl group, an option-
ally substituted aryl or heteroaryl group, an acyl group,
an optionally substituted aroyl group, a carboxyl group
or a Cj to Cs alkoxycarbonyl group.

Lastly, another preferred group of compounds ac-
cording to the present invention is characterised in that
R!stands for a nitro group, an amino group, a hydroxyl
group, a cyano group or a halogen atom, R? stands for
a hydrogen atom, a methyl group or a hydroxymethyl

group and A stands for the group corresponding to the
formula

'*'FJII"'(ZIIQ(IIIQ(ZIizzéﬁf-*' \Y
N

The following are specific compounds which are
preferred:
6-{3-nitro-4-(1-piperazinyl)-phenyl}-4,5-dihydro-5-

methyl-3(2H)-pyridazinone;
6-[4-(4-ethoxycarbonylpiperazin-1-yl)-3-nitrophenyl]-

4,5-dihydro-5-methyl-3-(2H)-pyridazinone;
6-[3-amino-4-(4-ethoxycarbonylpiperazin-1-yl)-phenyl]-
4,5-dihydro-5-methyl-3(2H)-pyridazinone;
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6-{4-(4-acetylpiperazin-1-yl)-3-nitrophenyl}-4,5-dihy-
dro-5-methyl-3(2H)-pyridazinone;

6-[4-(4-ethoxycarbonylpiperazin-1-yl)-3-nitrophenyl]-
4,5-dihydro-3-(2H)-pyridazinone;

and their physiologically acceptable salis.

The compounds according to the invention may be
prepared by various processes.

One process which is suitable 1n general for the prep-
aration of the compounds according to the invention,
i.e. compounds corresponding to the general formula I
in which A, R! and R? have the meanings defined
above, is characterised in that a compound correspond-
ing to the general formula II

R! (1)

RZ
I
CCHCHC—X

| |
O O

in which A, R! and R2 have the meanings defined above
and X stands for the group OH or a group of the for-
mula OR4in which R#denotes an optionally substituted
C; to Cg alkyl group or an optionally substituted aryl
group, is reacted with hydrazine or a chemical equiva-
lent thereof to form a compound corresponding to the
general formula I and the resulting compound is option-
ally converted into a physiologically acceptable salt
thereof in known manner.

The term “chemical equivalents of hydrazine” is
understood to mean hydrazine hydrate, hydrazine
ethanolate and similar solvates or salts thereof. The
reactions with hydrazine or a chemical equivalent
thereof are preferably carried oui with an excess of
reactant in a polar solvent, for example acetic acid or an
alcohol such as methanol, ethanol or isopropanol. The
reaction is carried out at temperatures from room tem-
perature to the reflux temperature of the solvent used,
preferably the reflux temperature.

Compounds corresponding to the general formula 1
in which A and R? have the meanings defined above
and R! stands for a nitro group may also be prepared by

reacting a compound correSpondmg to the general for-
mula T

(I11)

wherein R< has the meaning defined above and Y stands
for a halogen atom, for example a fluorine, chlorine or
bromine atom, with a compound corresponding to the
general formula IV

H—A (IV)
in which A has the meaning defined above. For this
reaction, the compound of formula IV is preferably
used In excess, in particular in a two to three times
molar quantity, based on the compound of the general
formula III. The reactions are carried out in an inert
solvent such as dimethyl formamide, dimethyl sulphox-
ide, acetonitrile, dioxane or tetrahydrofuran at an ele-
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vated temperature, preferably in the range of from 80°
to 180° C. The acid H—X formed in the reaction is
absorbed either by the excess of the compound of the
general formula IV or by an auxiliary base added to the
reaction mixture, such as potassium carbonate, triethyl-
amine or pyridine.

Compounds corresponding to the general formula I
in which A and R2 have the meanings defined above
and R! stands for an amino group may also be prepared
by reducing a compound of the general formula Ia

R2 (Ta)

NO->

in which A and R? have the meanings defined above
and R!is a nitro group by means of a suitable reducing
agent. The reducing agents used for reduction of the
nitro group to the amino group may be, for example,
base metals or their salts in an acid medium, such as iron
in hydrochloric acid, tin or tin dichloride in hydrochlo-
ric acid or zinc in acetic acid; sulphur compounds such
as ammonium sulphide, sodium sulphide or sodium
dithionite; hydrazine or a chemical equivalent thereof in
the presence of a catalyst such as Raney nickel; cyclo-
hexene in the presence of a noble metal catalyst such as
platinum oxide or palladium; or hydrogen in the pres-
ence of catalysts such as Raney nickel, palladium or
platinum oxide.

Compounds corresponding to the general formula I
in which A and R? have the meanings indicated above
and R! stands for a hydroxyl group, a cyano group or a
halogen atom may also be prepared by diazotizing a
compound corresponding to the general formula Ib

NH, R (Ib)

wherein A and R? have the meanings defined above to
a compound corresponding to the general formula V

R? (V)

N,+

wherein A and R2 have the meanings defined above and
Z stands for a halogen atom, a hydroxyl group, a cyano
group or the tetrafluoroborate group, and decomposing
the diazonium salt corresponding to the general formula
V by heat, optionally in the presence of copper powder
or a copper-(I) halide or copper-(I) cyanide. Diazotiza-
tion of the aromatic amine of formula Ib, for example,
may be carried out with an alkali metal nitrite such as
sodium nitrite in an acid aqueous solution at a tempera-
ture from —10° C. to 10° C., preferably at 0° to 5° C.
Decomposition of the diazonium salt by heat takes
place at temperatures from 30° to 150° C., the diazo-
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nium group on the aromatic ring being replaced by a
hydroxyl group, a cyano group or a halogen atom.
When the halogen atom is a chlorine, bromine or iodine
atom, it is advantageous to add copper powder or the
corresponding copper-(I) halide. When R!introduced is
fluorine then Z— is a fluoride or tetrafluoroborate an-
ion. When a cyano group is introduced, the diazonium
salt corresponding to formula V may be reacted, for
example, with copper-(I) cyanide dissolved as a com-
plex in potassium cyanide.

Compounds corresponding to the general formula I
in which R! and R? have the meanings defined above
and A stands for a group of the formula

R3—N N==

\ /
(CH)m

or a group of the formula R¥—NH—(CH;),—NH in
which m and n have the meanings defined above and
R3 stands for a cyano group, an acyl group, an option-
ally substituted aroyl group or a Ci to Cg alkoxycar-
bonyl group may also be prepared by the reaction of a

compound corresponding to the general formula Ic or
Id

RI R2 (Ic)
HN N \ =0
\ /
(CH2)m N—N
H
R R2 (1d)
H>N(CH3),NH \ =0
N~ N
H

in which Rl, R2, m and n have the meanings indicated
above with an acylating agent corresponding to the
general formula VI

R —L (VD)
wherein R¥ has the meaning indicated above and L
stands for a halogen atom, in particular a chlorine or
bromine atom, the group OR3’, the hydroxyl group or
an azole or benzazole group which has at least two
nitrogen atoms in the 5 membered ring and is attached
by a nitrogen atom. Examples of the above mentioned
azoles or benzazoles include the imidazole, the 1,2,4-
triazole, the tetrazole, the benzimidazole or the benzo-
triazole ring. When the acylating agent used is a com-
nound corresponding to the general formula VI in
which L stands for the group OH then it is advisable to
add an activating agent to increase the acylating poten-
tial of the carboxylic acid. Suitable agents of this type
include dehydrating and water binding agents, for ex-
ample carbodiimides, or agents which convert the car-
boxylic acids into the corresponding acid halides, anhy-
drides, mixed carboxyliccarbonic acid anhydrides or
azolides, which then function as acylating agents. Ex-
amples of the latter type of agent include phosgene,
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chloroformic acid esters and N,N’-carbonyldiimidazole.
The reaction between the acylating agent of the general
formula VI and compounds of the general formulae Ic
and Id is preferably carried out in an inert solvent, e.g.
a halogenated hydrocarbon, an ether or a solvent such
as pyridine or dimethyl formamide at temperatures
from —20° C. to the boiling point of the solvent. The
molar ratio of acylating agent of formula VI to com-
pounds of the general formulae Ic and Id is normally in
the range of 3:1 to 1:1, preferably from 2:1 to I:1. If an
acid is split off in the acylating reaction, it is advisable to
add an acid acceptor, for example a tertiary amine such
as triethylamine or pyridine.

Compounds corresponding to the general formula I
in which R! and R? have the meanings defined above
and A stands for a group of the formula

R3"~=N N
\ /
(CH2)m

or a group of the formula R3"-—~NH—(CH3),~—NH
wherein m and n have the meanings defined above and
R3" stands for a hydrogen atom may be prepared by
acid or basic hydrolysis and optionally decarboxylation
of a compound corresponding to the general formula I
in which R! and R? have the meanings defined above
and A stands for a group of the formula

RY—N N
\ /
(CH2)m

or R¥—NH—(CH;),—NH in which R3 stands for a
cyano group, an acyl group, an optionally substituted
aroyl group or a C; to Cg alkoxycarbonyl group.

The acid hydrolysis may be carried out, for example,
in aqueous mineral acids such as hydrochloric or hydro-
bromic acid or sulphuric acid and at elevated tempera-
tures. In special cases, for example when R3 =tert.-
butoxycarbonyl, milder methods may be employed,
such as hydrolysis with trifluoro-acetic acid in a chlori-
nated hydrocarbon such as dichloromethane or chloro-
form.

Basic hydrolysis is carried out in dilute solutions of
alkali metal or alkaline earth metal carbonates or alkali
metal or alkaline earth metal hydroxides in water, lower
alcohols or mixtures of the two and at temperatures
from room temperature to the reflux temperature of the
solvent used.

The compounds obtained by the different variations
of the process are isolated and purified in the usual
manner, for example by recrystallization, chromato-
graphic procedures, etc.

The compounds obtained from the different varia-
tions of the process may optionally be converted into
physiologically acceptable salts thereof. These salts
may be formed, for example, with mineral acids such as
hydrochloric, hydrobromic or hydriodic acid, phos-
phoric acid, metaphosphoric acid, nitric or sulphuric
acid or with organic acids such as formic acid, acetic
acid, propionic acid, phenyl acetic acid, tartaric acid,
citric acid, fumaric acid, methane sulphonic acid, em-
bonic acid, etc.
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The compounds according to the invention corre-
sponding to the general formula I may be present in
various tautomeric forms and in several stereo isomeric
forms. This invention therefore covers not only the salts
and hydrates of the above described compounds corre-
sponding to the general formula I but also all tautomeric
and stereo isomeric forms.

The compounds according to the invention may be
formulated in any desired manner for administration.
This invention therefore also covers pharmaceutical
preparations containing at least one compound accord-
ing to the invention for use in human or veterinary
medicine. Such pharmaceutical preparations may be
prepared by the conventional methods using one or
more pharmaceutically acceptable carriers or diluents.

The compounds according to the invention may
therefore be formulated for oral, buccal, topical, paren-
teral or rectal administration.

For oral administration, the medicament may, for
example, be made up into tablets, capsules, powders,
solutions, syrups or suspensions by the usual methods
using acceptable diluents. |

For buccal administration, the pharmaceutical prepa-
ration may be in the form of tablets or sachets formu-
lated in the conventional manner.

The compounds according to the invention may be
formulated for parenteral administration by bolus injec-
tion or continuous infusion. Formulations for injection
may be provided in the form of ampoules containing
unit doses or multiple dose containers with added pre-
servative.

The pharmaceutical preparations may assume forms
such as suspensions, solutions or emulsions in oily or
aqueous carriers and may contain formulating auxilia-
ries such as suspending, stabilizing and/or dispersing
agents.

Alternatively, the active ingredient may be i the
form of a powder to be reconstituted before use with a
suitable carrier, for example sterile, pyrogen free water.

The compounds according to the invention may also
be formulated for rectal preparations such as supposito-
ries or retention enemas containing, for example, the
usual excipients for suppositories, such as cocoa butter
or other glycerides.

For topical use, the compounds according to the
invention may be formulated as ointments, creams, gels,
lotions, powders or sprays in the usual manner.

For oral administration, a suitable daily dose of com-
pounds according to the invention is taken in 1 to 4
doses with a total of 5 mg to 1 g per day, depending on
the patient’s condition. It may in some cases be neces-
sary to deviate from the quantities indicated above,
depending on the individual’s response to the active
ingredient, the nature of the formulation, and the time
or interval of time at which the preparation is adminis-
tered. Thus there are cases, for example, in which it may
be sufficient to use less than the minimum quantity indi-
cated above whereas in other cases it may be necessary
to exceed the upper limit.

The substituted 6-phenyl-dihydro-3(2H)-pyridazi-
nones according to the invention corresponding to the
general formula I are not only easily available for oral
administration but have pronounced cardiovascular, in
particular cardiotonic and antihypertensive actions and
are therefore suitable for the treatment and prevention
of diseases of the heart and circulation.

Thus they have an excellent positive inotropic effect
In various pharmacological standard models, e.g. an in
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vivo model of narcotised guinea pig after i.d. applica-
tion, and lower the blood pressure in spontaneously
hypertensive rats.

1. Haemodynamic characterisation of the positive 5
inotropic action on narcotised guinea pigs (1.d.
application)

(a) Method

The animals are narcotised with urethane (1.5 g/kg).

The trachea is cannulated for volume-controlled res-
piration. The two carotid arteries are then exposed
operatively and a Tip catheter (3F) is introduced
through the right carotid and moved forwards through
the ascending aorta into the left ventricle with continu-
ous recording of the pressure. Successful passage
through the aortic valves is indicated by the typical left
ventricular pressure curve. A thermistor probe (RF, F.
Edwards) is pushed forwards into the aortic arch
through the left carotid for thermodilution. The therm-
istor probe has a lumen for recording the arterial blood
pressure. A catheter is passed through the right jugular
vein to be placed in front of the right auricle for applica-
tion of the cold injectate (0.2 ml 0.9% NacCl, 15° C.).
The ECG is recorded in the first lead. The duodenum is
exposed by a median section 1 cm in length in the upper
abdominal region; the test substances are injected into
the duodenum through a needle. All substances are
suspended in tylose (injection volume 1 ml/kg) and
applied after haemodynamic stabilization and under
B-blockage (Metoprolol 2 mg/kg i.m.). All circulation
parameters are continuously recorded on a direct re-
corder. The contractility (dp/dt) is calculated from the
volume pressure curve and the cardiac frequency is
determined from the ECG.
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(b) Measured Values
40
Maximum Percentage Changes from
Initial Values
Blood
Example Dose Contractility Pressure Cardiac
No. mg/kg dp/dt Systolic Frequency 45§
2 02 +70% —20% +13%
3 3.1 +40% —20% +10%
6 12.5 +67% —~21% + 7%
12 10 +70% —25% 4-25%
Compari- 50 +22% —44% +22% 50
son 1*
Compari- 50 - +58% —40% +48%
son 2**
*Comparison 1:
6-(4-morpholino-3-nitro-phenyl)4,5-dihydro-5-methyl-3(2ZH)-pyridazinone.
**Comparison 2: 55

6-{4-(4-ethoxycarbonyi-piperazin-1-yl)-phenyl]-4,5-dihydro-3(2H)-pyridazinone
(DE-OS 22 07 517). '

Antihypertensive action on spontaneously hypertensive
rats

The method described in the literature by 1. B. Ar-
mah, Arzneimittelforsch 27, 1882-1884 (1977) and M.
Gerold and H. Tschirky, Arzneimittelforsch 18, 1285
(1968) was employed. The substances were adminis-
tered orally and the lowering of blood pressure was
determined three hours after application of the sub-
stance.

65
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10
Dose Lowering of Blood Pressure

Example No. mg/kg After 3 Hours

2 5 82%
Comparison

1 5 17%
Comparison

2 5 29%

EXAMPLE 1

6-[3-nitro-4-(1-piperazinyl)-phenyl]-4,5-dihydro-5-
methyl-3(2H)-pyridazinone

NO> RZ
HIN N \ =0
\__/ N—N
H

21.4 g (80 mmol) of 6-(4-chloro-3-nitro-phenyl)-4,5-
dihydro-5-methyl-3(2H)-pyridazinone are boiled under
reflux together with 41.35 g (480 mmol) of piperazine in
120 ml of dioxane for 35 hours.

After cooling, the reaction mixture is poured out on
400 ml of water, stirred for 1 hour to complete crystalli-
zation, suction filtered and washed with water.

Recrystallization from methoxyethanol/diethyl ether
yields 19.4 g (76% of theoretical) of an orange red pow-
der, melting point 224° to 225° C.

Ci1sH19NsO3 (317.35)

Rf=0.40 (dichloromethane/methanol/triethylamine
90/71/3)

EXAMPLE 2

6-[4-(4-ethoxycarbonyl-piperazin-1-yl})-3-nitro-phenyl]-
4,5-dihydro-5-methyl-3(2H)-pyridazinone

NO; CH3 |

CH3CH20-(I'I.:-—N N—@—h=0
O \_/ N — N
H

24.5 ml (168 mmol) of 1-ethoxycarbonylpiperazine
are added to a solution of 15.0 g (56 mmol) of 6-(4-
chloro-3-nitro-phenyl)-4,5-dihydro-5-methyl-3(2H)-
pyridazinone in 50 ml of dimethyl formamide and the
solution is stirred at a reaction temperature of 100° C.
for 3 hours. When the reaction mixture 1s cold, it is
poured out on 300 ml of ice water with vigorous stir-
ring. The precipitated solid is suction filtered, washed
with a small quantity of ethanol and diethyl ether and
recrystallized from 500 ml of ethanol. 16.7 g (76%) of
orange yellow crystals, m.p. 140° to 142° C., are ob-
tained.

Ci1sH23NsOs (389.41)

Rf=0.50 (dichloromethane/methanol 95/5)
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EXAMPLE 3

6-[4-(4-ethoxycarbonyl-piperazin-1-yl)-3-nitro-phenyl]-
4,5-dihydro-3(2H)-pyridazinone

CH;;CH,O=C—N N

_/

I
o 10

10.14 g (90%) of orange yellow crystals melting at
203° to 204° C. are obtained by a method analogous to
that of Example 2 from 7.61 g (30 mmol) of 6-(4-chloro- I3
3-nitro-phenyl)-4,5-dihydro-3(2H)-pyridazinone  and
14.25 g (90 mmol) of 1-ethoxycarbonyl-piperazine.

Ci17H21N505 (375.39)

Rf=0.18 (dichloromethane/methanol 97/3) 20

EXAMPLE 4

6-[4-(4-benzyl-piperazin-1-yl)-3-nitro-phenyl]-4,5-dihy-
dro-5-methyl-3(2H)-pyridazinone

235

30

16.1 g (60 mmol) of 6-(4-chloro-3-nitro-phenyl)-4,53-
dihydro-5-methyl-3(2H)-pyridazinone, 159 g (50
mmol) of 1-benzyl-piperazine and 7.3 ml (90 mmol) of ,;
pyridine are stirred into 60 ml of dimethyl formamide at
100° C. A further 5.8 g (33 mmol) of 1-benzyl-pipera-
zine is added after 7 hours and stirring of the reaction
mixture is continued for 12 hours at 100° C. When the
reaction mixture is cold it is poured out on 300 ml of ice ,,
water and the solid which precipitates is suction fil-
tered. The aqueous phase is extracted twice with 200 ml
of dichloromethane. The combined organic phases are
washed with water and saturated sodium chloride solu-
tion, dried, filtered and concentrated by evaporation in
vacuo. The solid residue obtained is recrystallized from
500 ml of ethanol together with the solid initially ob-
tained. 23.4 g (95%) of orange red crystals melting at
220° to 221° C. are obtained.

C1zHy5N503 (407.48)

45

Rf=0.50 (dichloromethane/methanol 95/5) >0
EXAMPLE 5
6-[3-nitro-4-|4-(2-pyrimidyl)-piperazin-1-yl]phenyl]-4,5-
dihydro-5-methyl-3(2H)}-pyridazinone 55
/ N e
{ ‘>—N N =0 60
=N \__/

3.0 g {11.2 mmol) of 6-(4-chloro-3-nitro-phenyl)-4,5-
dihydro-5-methyl-3(2H)-pyridazinone, 3.7 g (22.4 65
mmol) of 1-(2-pyrimidyl)-piperazine and 0.9 g (11.2
mmol) of pyridine are boiled under reflux in 50 mi of
dioxane. A further 1.9 g (11.6 mmol) of 1-(2-pyrimidyl)-

12

piperazine is added after 6 hours and the reaction mix-
ture is boiled for a further 4 hours. When the reaction
mixture has cooled, it is poured out on 300 ml of ice
water and the precipitated solid is suction filtered,
washed with a small quantity of diethyl ether and re-
crystallized from 40 ml of 2-methoxyethanol. 3.1 g
(70%) of orange red crystals, m.p. 232° to 233" C,, are
obtained.

Ci19H21N703 (395.42)

Rf=0.60 (dichloromethane/methanol 95/5)

EXAMPLE 6

6-[4-(4-acetyl-piperazin--yl)-3-nitro-phenyl]-5-methyl-
4,5-dihydro-3(2H)-pyridazinone

CH3"'-|CI:'—'N
O

(a) 0.57 ml (6 mmol) of acetic acid anhydride are
added at room temperature to 1.27 g (4 mmol) of 6-3-
nitro-4-(1-piperazinyl)-phenyi]-4,5-dihydro-5-methyl-
3(2H)-pyridazinone in 30 ml of acetic acid.

The reaction mixture is heated to 60° C. for 10 min-
utes, left to cool, poured out on ice water and extracted
with chloroform. The chloroform phase is washed with
aqueous NaHCOj3 solution and concentrated by evapo-
ration in vacuo. The solid residue is recrystallized from

. 20 ml of methoxyethanol. 0.8 g (56% of theoretical) of

the title compound is obtained as an orange coloured
powder, m.p. 240° to 241° C.

C17H321Ns04 (359.31)

Rf=0.55 (dichloromethane/methanol 95/5)

(b) 2.68 g (10 mmol) of 6-(4-chloro-3-nitro-phenyl)-
4,5-dihydro-5-methyi-3(2H)-pyridazinone and 3.84 g
(30 mmol) of l-acetylpiperazine are stirred together in
20 ml of dimethyl formamide at a reaction temperature
of 100° C. for 4 hours. When the reaction mixture has
cooled, it is poured out on 200 ml of ice water and the
resulting solid is suction filtered and recrystallized from
methoxyethanol. 2.30 g (64%) of orange coloured crys-
tals melting at 240° to 241° C. and identical to the prod-
uct described under (a) are obtained.

EXAMPLE 7

6-[4-(4-formyl-piperazin-1-yl)-3-nitro-phenyl]-4,5-dihy-
dro-5-methyl-3(2H)-pyridazinone

NO; CH;
HC—N N@_(‘\=O
O \_/ N — N
H

2.35 g (68%) of orange red crystals melting at 216.5°
C. are obtained (from chloroform/methanol 1:3) by a
method analogous to that of Example 6b) from 2.68 g
(10 mmol) of 6-(4-chloro-3-nitro-phenyl)-4,5-dihydro-5-
methyl-3(2H)-pyridazinone and 3.42 g (30 mmol) of
I-formylpiperazine.

Ci6H19N504 (345.36)

Calculated: C 55.65; H 5.55; N 20.28. IFfound: C 55.70;
H 5.56; N 20.25.
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Rf=0.62 (dlchloromethane/ methanol/conc. ammo-
nia 90/7/3)

EXAMPLE 8

6-[4-[4-(4-methoxybenzoyl)-piperazin-1-yl}-3-nitro-
phenyl]-5-methyl-4,5-dihydro-3(2H)-pyridazinone

CH30

0.70 g (4.1 mmol) of 4methoxybenzoyl chloride is

added to a slurry of 1.0 g (3.15 mmol) of 6-[3-nitro-4-(1-
piperazinyl)-phenyl]-5-methyl-4,5-dihydro-3(2H)-
- pyridazinone and 1.14 ml (8.2 mmol) of triethylamine in
40 ml of 1,2-dichloroethane and the reaction mixture is
boiled under reflux for 0.5 h. It is then cooled to room
temperature, 50 ml of water are added, and the organic
phase is separated off. |

After concentration of the organic phase by evapora-
tion, the residue is chromatographed on silica gel (sol-
vent: dichloromethane/methanol 97/3). 0.69 g (49% of
theoretical) of the title compound is obtained as orange
~ yellow crystals, melting point 200° to 201° C.
C13H25N505 (451.48)

Rf=0.44 (dichloromethane/methanol 95/5)

EXAMPLE 9

~ 6-[4-(4-cyano-piperazin-1-yl)-3-nitro-phenyl]-5-methyl-
4,5-dihydro-3(2H)-pyridazinone

1.58 g (5 mmol) of 6-[3-nitro-4-(1-piperazinyl)-
phenyl]-5-methyl-4,5-dihydro-3(2H)-pyridazinone  1s
made up into a slurry with 60 ml of chloroform, and a
solution of 0.64 g (6 mmol) of cyanogen bromide in 10
ml of chloroform is added dropwise at 10" C.

After 0.5 h., 40 ml of water are added to the reaction
mixture, followed by a solution of 2 g of potassium
carbonate in 5 ml of water. Stirring is then continued for
1 hour while the title compound crystallizes.

The solid is removed by suction filtration, washed
with water and acetone and recrystallized from aceto-
ne/1,2-dichloroethane. -

0.96 g (56% of theoretical) of orange red crystals,
melting point 247°-248° C., are obtained.

Ci6H18NeO3 (342.36)

Rf=0.45 (dichloromethane/methanol 97/3)

>
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EXAMPLE 10

6-[4-(2-tert.-butoxycarbonylamino)ethylamino-3-nitro-
phenyl}4,5-dihydro-5-methyl-3(2H)-pyridazinone

C—N —<i :}-——-{ )=

NO; CH;
CH3
CH3—é—OCNHCH2CH2NH \ =0
' (|3H3 o N—N

2.68 g (10 mmol) of 6-(4-chloro-3-nitro-phenyl)-4,5-
dihydro-5-methyl-3(2H)-pyridazinone and 4.80 g (30
mmol) of N-tert.-butoxycarbonyl-ethylene diamine are
stirred in 20 ml of dimethyl formamide for 3.5 hours at
80° C. When the reaction mixture is cold, it is poured
into 150 ml of water and the solid which precipitates is
separated by suction filtration. After recrystallization
from dichloromethane, 1.70 g (43%) of orange red crys-
tals, m.p. 225°-226° C. are obtained.

CisH25NsOs (391.43)

Rf=0.68 (dichloromethane/methanoi 9/1)

EXAMPLE 11

6-{4-(3-tert.-butoxycarbonylamino)propylamino-3-
nitro-phenyl]-4,5-dihydro-5-methyi-3(2H)-pyridazinone

NO; CH3;
CH;
CH —(E—OCNHCHQCHzCHgNH \ =0
(I3H3 " N — N

2.68 g (10 mmol) of 6-(4-chloro-3-nitro-phenyl)-4,5-
dihydro-5-methyl-3(2H)-pyridazinone and 5.22 g (30
mmol) of N-tert.-butoxycarbonyl-1,3-propane diamine
are treated by a method analogous to that of Example
10 to yield 0.92 g (23%) of an orange red solid, m.p.
172°-173° C., after chromatographic purification on
silica gel w1th dichloromethane/methanol (90:10) as
solvent and recrystallization from dichloromethane.

C19H77N 505 (405.46) '

Rf=0.65 (dichloromethane/methanol 9/1)

EXAMPLE 12

6-[3 -amino-4-(4-ethoxycarbonyl-piperazin-1-yl)-
phenyl]-4,5-dihydro-5-methyl-3(2H)-pyridazinone

NH CH3

CH3;CH;O—C—N

II \ /

N \
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13.7 g (35 mmol) of 6-[4-(ethoxycarbonyl-piperazin-1-
y1)-3-nitro-phenyl}-4,5-dihydro-5-methyl-3(2H)-
pyridazinone in 500 ml of methanol are hydrogenated
for 1 hour under a hydrogen pressure of 6 bar at 55° C.
in the presence of 1.0 g of palladium on active charcoal 3
(10% Pd). After removal of the catalyst by suction
filtration, the solution is to a large extent evaporated
under vacuum and the residue is stirred up with 50 ml of
a mixture of diethyl ether/ethyl acetate (2:1). The pre-
cipitated solid is suction filtered and recrystallized from 10

ethanol. 8.6 g (68%) of a pale yellow solid, m.p.
193°-195° C., are obtained.

Ci18Hy5N503 (359.43)
Rf=0.45 (dichloromethane/methanol 95/5)
I3
EXAMPLE 13
6-[4-(2-aminoethyl)amino-3-nitro-phenyl]-4,5-dihydro-
5-methyl-3(2H)-pyridazinone
20
HoNCH>CH>NH
23

1.0 ml (13.0 mmol) of trifluoroacetic acid is added to
.00 g (2.55 mmol} of 6-]4-(2-tert.-butoxycar-
bonylamino)ethylamino-3-nitro-phenyl}-4,5-dihydro-3-
methyl-3(2H)-pyridazinone in 10 ml of dichlorometh-
ane and the solution is boiled under reflux for 2 hours.
After cooling to room temperature, the reaction mix-
ture is diluted with 10 ml of dichloromethane and the
solid which precipitates is filtered off and introduced
into 20 ml of saturated sodium bicarbonate solution.
The solid which then separates is filtered off and recrys-
tallized from isopropanol. 0.44 g (59%) of an orange red
solid, m.p. 162°-164° C., is obtained.

Ci3H17Ns503 (291.31)

35

40
Rf=0.65 (ethyl acetate/ethanol/conc. ammonia
15/10/2).
EXAMPLE i4
6-[4-(3-aminopropyl)aminc-3-nitro-phenyl]-4,5-dihy- 45
dro-3-methyl-3(2H)-pyridazinone
>0

H>NCH>;CH2CH;NH

20 g (49 mmol} of 6-{4-(3-tert.-butoxycar- 55
bonylamino)propylamino-3-nitro-phenyl]-4,5-dihydro-
5-methyi-3(2H)-pyridazinone and 2.0 mi (26.1 mmol) of
trifluoro-acetic acid are boiled under refiux in 30 ml of
chloroform for 12 hours. The oil obtained after removal
of the solvent by evaporation under vacuum is taken up 60
with 10 ml of a saturated potassium carbonate solution
and the aqueous phase is extracted three times with 20
ml portions of isopropanol. The combined organic pha-
ses are dehydrated with sodium sulphate, filtered and
concentrated by evaporation under vacuum. The resi-
due is chromatographed on silica gel with dichlorome-
thane/methanol (9:1) as solvent. After concentration of
the main fraction by evaporation under vacuum and

65

16

recrystallization from isopropanol, 1.0 g (66%) of an
orange red solid, m.p. 154°-156° C., 1s obtained.
Ci14H19N503 (305.33)
Rf=0.46 (ethyl acetate/ethanol/conc.
15/10/2)

amimonia

EXAMPLE 15

6-[4-(4-ethoxycarbonyl-piperidin-1-yl)-3-nitro-phenyl]-
S-methyl-4,5-dihydro-3(2H)-pyridazinone

NO,
CchHgo—ﬁCN
0

2.68 g (10 mmol) of 6-(4-chioro-3-nitro-phenyl)-5-
methyl-4,5-dihydro-3(2H)-pyridazinone are boiled
under reflux with 3.14 g (20 mmol) of piperidine-4-car-
boxylic acid ethyl ester and 0.81 ml (10 mmol) of pyri-
dine in 50 ml of dioxane for 5 hours. The reaction mix-
ture is then poured out on 200 mi of ice water and suc-
tion filtered to separate the solid, and the filter cake is

39 then washed with water.

After recrystallization from 100 ml of ethanol, 2.8 g
(72% of theoretical) of the title compound are obtained
as orange coloured needles, m.p. 159.5°~160.5° C.

C19H24N40s5

Rf=0.45 (dichloromethane/methanol 97/3)

EXAMPLE 16

6-[3-amino-4-(2-tert.-butoxycarbonylamino)e-
thylaminophenyl]-4,5-dihydro-5-methyl-3(2H)-
pyridazinone

T
CH3—C—O0OCNHCH;CH;NH

I
CH3 O

25 g (64 mmol) of 6-[4-(2-tert.-butoxycar-
bonylamino)ethylamino-3-nitro-phenyl]-4,5-dihydro-5-
methyl-3(2H)-pyridazinone are hydrogenated under a
hydrogen pressure of 5 bar at room temperature in the
presence of 0.5 g of palladium charcoal (109 Pd).
When uptake of hydrogen has been completed, the
catalyst is removed by suction filtration and the filtrate
1s concentrated by evaporation under vacuum. The
residue is purified by chromatography on silica gel with
dichloromethane/methanol (95:5) as solvent. After con-
centration by evaporation under vacuum, the main frac-
tion yields 1.6 g (69%) of a greenish, amorphous solid.

CisHy7NsO3 (361.44)

Rf=0.64 (dichloromethane/methanol 9/1)
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EXAMPLE 17

1-[4-(5-methyl-3-0x0-2,3,4,5-tetrahydro-6-pyridazinyl)-
2-nitro-phenyl]-piperidine-4-carboxylic acid

| NO2
HOOC—CN @

1.2 g (3.1 mmol) of 1-[2-nitro-4-(5-methyl-3-oxo-
2,3 4,5-tetrahydro-6-pyridazinyl)-phenyl]-piperidine-4- :
carboxylic acid ethyl ester are heated under reflux in a
solution of 0.4 g (9.3 mmol) of sodium hydroxide in 40
ml of methoxyethanol. '

After 2.5 hours, the reaction mixture is poured out on 20
150 ml of ice water and the aqueous phase is washed
with a total of 150 ml of dichloromethane.

The title compound crystallizes after acidification of
the aqueous phase to pH 4.5.

Recrystallization from methanol yields 0.6 g (54% of

theoretical) of an orange coloured powder having a
melting point of 213.6°-214.5° C. |

10

25

C17H20N40s5 (360.37) 10
Rf=0.23 (chloroform/ethanol/acetic acid 96/2/2)
- EXAMPLE 18
6-[3-chloro-4-(4-ethoxycarbonylpiperazin-1-yl)phenyl]-
4,5-dihydro-5-methyl-3(2H)-pyridazinone 35

Cl CH-
CH3CH20—(ﬁ—N N@_g—_\___o 40
O \__/ N—N
H

An ice cold solution of 0.9 g (8.5 mmol) of sodium 45
nitrite in 5 ml of water is added dropwise over a period
of 10 minutes to a solution of 3.0 g (8.3 mmol) of 6-[3-
amino-4-(4-ethoxycarbonylpiperazin-1-yl)-phenyl]-4,5-
dihydro-5-methyl-3(2H)-pyridazinone in 7 ml of conc. .,
hydrochloric acid and 3 ml of water at —5° C. The
resulting reaction mixture is then added to a solution of
1.29 g (13 mmol) of copper-(I) chloride in 5 ml of conc.
hydrochloric acid which is at 0° C. When evolution of
gas has ceased, the solution is slowly heated to 50° C. 0>
and then cooled and adjusted to pH 11 with potassium
carbonate. The aqueous phase is extracted three times
with 50 ml of dichloromethane and the organic phases
are dried, filtered and concentrated by evaporation
under vacuum. The residue obtained is chromato-
graphed on silica gel with dichloromethane/methanol
(95:5) and after concentration of the lipophilic main
fraction under vacuum it yields 1.2 g (38%) of a colour-
less solid, m.p. 154°-156° C.

Ci13H23CIN4O3 (378.86)

Rf=0.61 (dichloromethane/methanol 95/5)

65

5 methyl-4,5-dihydro-3(2H)-pyridazinone
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EXAMPLE 19
6-[4-[3-(4-imidazolyl)-propylamino]-3-nitm-phenyl]-5-
methyl-4,5-dihydro-3(2H)-pyridazinone

NQO3; CH;

N

' CH,;CH,CH;NH \
I ] ' N—N

N
H

2.67 g (10 mmol) of 6-(4-chloro-3-nitro-phenyl)-3-
are boiled
under reflux with 2.5 g (20 mmol) of 4-(3-aminopropyl)-
1H-imidazole in 50 ml of dioxane for 5 hours.

The reaction mixture is then poured out on 300 ml of
ice water, stirred for 1 hour and suction filtered to sepa-
rate the precipitated solid.

Recrystallization from acetone yields 2.05 g (58% of
theoretical) of orange coloured crystals, melting point
162.7°-163.5° C.

C17H20N603 (356.39)

Rf=0.67 - (dichloromethane/methanol/ammonia
85/13/2)

EXAMPLE 20

6-[3-nitro-4-(1-piperazinyl)-phenyl]-4,5-dihydro-3(2H)-
pyridazinone

NO»
/ \
HN N- \ =0
| | H

10.0 g (39.4 mmol) of 6-(4-chloro-3-nitro-phenyl)-4,5-
dihydro-3(2H)-pyridazinone are boiled under reflux
with 10.2 g (118.2 mmol) of piperazine for 5 hours.

After the reaction mixture has cooled to 60° C,, it is
poured out on ice water and suction filtered to separate
the solid and recrystallized from ethanol. |

8.8 g (74% of theoretical) of orange red crystals, m.p.
194.7°-196.1° C., are obtained.

Ci4H17Ns03 (303.32)

Rf=0.31 (dichloromethane/methanol/triethylamine
90/1/3)

EXAMPLE 21

6-[4-(2-aminoethyl)amino-3-amino-phenyi]-4,5-dihy-
dro-5-methyl-3(2H)-pyridazinone

HH>N

CHj3

HoNCH;CH,NH

3.0 g (10.3 mmol) of 6-[4-(2-aminoethyl)amino-3-
nitro-phenyl]-4,5-dihydro-5-methyl-3(2H)-pyridazinone
in 200 ml of methanol are hydrogenated under a hydro-
gen pressure of 2 bar at room temperature in the pres-
ence of 0.5 g of palladium charcoal (10% Pd) until
uptake of hydrogen ceases. After removal of the cata-
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lyst by filtration, the solution is concentrated by evapo-
ration under vacuum. The residue is chromatographed
on silica gel with methanol/conc. ammonia (95/5) as
solvent. The main fraction is concentrated by evapora-
tion under vacuum and the solid obtained is recrystal- 5

lized from ethanol. 1.37 g (51%) of a beige coloured
solid, m.p. 176°-177° C. are obtained.

Ci13H19N50 (261.32)

Rf=0.34 (methanol/conc. ammonia 95/5) 20
EXAMPLE 22
6-[3-amino-4-(4-ethoxycarbonyl-piperazin-1-yl)-
phenyl]-4,5-dihydro-3(2H)-pyridazinone .
23

CH3;CH;00C—N
30

9.0 g (24 mmol) of 6-[4-(4-ethoxycarbonyl-piperazin-
1-yl)-3-nitro-phenyl}]-4,5-dihydro-3(2H)-pyridazinone
are hydrogenated in 150 ml of glacial acetic acid in the
presence of 1 g of Pd/active charcoal (10%) at 6 bar
and 35° C.

When uptake of hydrogen has ceased, the reaction
mixture i1s filtered and concentrated by evaporation
under vacuum and the residue obtained is treated with
ethyl acetate and excess aqueous NaHCO3 solution.

The precipitate is separated by suction filtration and
recrystallized from isopropanol to yield 4.35 g (52% of
theoretical) of colourless crystals, m.p. 201° C.

35

40

4
C17H23N503 (345.40) ’
Rf=0.46 (dichloromethane/methanol 95/5)
EXAMPLE 23
6-[3-amino-4-(1-piperazinyl)-phenyl}-5-methyl-4,5- 50

dihydro-3(2H)-pyridazinone

33

10.0 g (31.5 mmol) of 5-methyl-6-[3-nitro-4-(1- 60
piperazinyl)-phenyl]-4,5-dihydro-3(2H)-pyridazinone
are hydrogenated by a method analogous to that of
Example 22. Crystallization from isopropanol vields 3.6

g (40% of theoretical) of the title compound melting at
244.4°-244.9° C.

Ci15H21NsO (287.37) |
Rf=0.24 (dichloromethane/methanol/triethylamine
90/7/3)

65
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EXAMPLE 24

6-[4-[4-(3-aminopropyl)-piperazin-1-yl]-3-nitro-phenyl]-
J-methyl-4,5-dihydro-3(2H)-pyridazinone

(a)
S-methyl-6-[3-nitro-4-[4-(3-phthalimidopropyl)-piper-
zin-1-ylj-phenyl]-4,5-dihydro-3(2H)-pyridazinone

CH;

N—CH>CH,CH>N N \

/

A mixture of 3.16 g (10 mmol) of 5-methyl-6-[3-nitro-
4-(1-piperazinyl)-phenyl]-4,5-dihydro-3(2H)-pyridazi-
none, 2.68 g (10 mmol) of N-(3-bromopropyl)-phthali-
mide, 1.38 g (10 mmol) of potassium carbonate and 50
ml of dimethyl formamide is stirred at 100° C. for 24
hours.

The reaction mixture is then poured out on 200 ml of
ice water, stirred for 1 hour and suction filtered to sepa-
rate the precipitated solid.

Recrystallization from 300 ml of ethanol yields 3.2 g
(64% of theoretical) of an orange red powder, melting
point 179.4°-179.9° C.

Ca6H28N6Os5 (504.55)

Rf=0.28 (dichloromethane/methanol 95/5)

(b)
6-[4-[4-(3-aminopropyl)-piperazin-1-yl]-3-nitro-phenyl]-
S-methyl-4,5-dihydro-3(ZH)-pyridazinone

NO», CHj;
HoNCH>CH>CH,N N@—h= O
__/ N—N
H

40.4 g (80 mmol) of the above compound are boiled
under reflux with 30 mi of hydrazine hydrate (80% in
water) in 700 ml of ethanol for 5 hours. Most of the
ethanol is distilled off under vacuum. 200 ml of water
are added to the restdue which is then acidified to pH 2
with dilute hydrochloric acid.

The precipitated solid is removed by suction filtration
and the filtrate is adjusted to pH 14 by the addition of
sodium hydroxide and stirred in an ice bath until crys-
tallization is complete.

The crystallizate is recrystallized twice from isopro-
panol. 16.2 g (54% of theoretical) of an orange coloured
powder, m.p. 110°-110.5° C., are obtained.

Ci1s8H26NO3 (374.45)

Rf=0.27 (dichloromethane/methanol/ammonia
85/13/2)
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EXAMPLE 25

6-[4-(2-acetamidoethyl)amino-3-nitro-phenyl}-4,5-dihy-
dro-5-methyl-3(2H)-pyridazinone

CH3ﬁNHCH2CHzNH

0.40 ml (4.23 mmol) of acetic anhydride is added to a
solution of 1.00 g (3.43 mmol) of 6-[4-(2-aminoethyl-
)amino-3-nitro-phenyl}-4,5-dihydro-5-methyl-3(2H)-
pyridazinone in 10 ml of glacial acetic acid and the
solution is stirred at room temperature for 20 hours. The
precipitated solid is suction filtered and washed with 5
ml of dichloromethane. The mother liquor is concen-
trated by evaporation under vacuum and the residue
obtained is stirred up with 5 ml of dichloromethane and
filtered. The two crystal fractions are recrystallized
together from ethanol (99.7%). 0.86 g (75%) of orange
coloured crystals, m.p. 222° C., are obtained.

CisH19NsO4 (333.35)

Rf=0.60 (dichloromethane/methanol 90/10)

EXAMPLE 26

6-{4-(4-ethoxycarbonyl-piperazin-1-yl)-3-nitro-phenyl]-
4,5-dihydro-5-hydroxymethyl-3(2H)-pyridazinone

NO»

CH>OH

/[ \

CH;CH,O=—C~N N

D N_/

(a) 4-(4-chloro-3-nitro-benzoyl)-tetrahydrofuran-2-one

3.37 g (15 mmol) of 4-(4-chlorobenzoyl)-tetrahy-
drofuran-2-one are added portion wise to 30 ml of nitric
acid (100%) at —15° C. The temperature should not
exceed —5° C. Stirring is continued for 30 minutes after
all the compound has been added and the mixture is
then poured out on 300 ml of ice water and the sold
which has precipitated is separated by suction filtration
and washed with water.

The filter cake is recrystallized from 100 ml of etha-
nol. 3.26 g (80% of theoretical) of almost colourless
crystals, m.p. 118° to 120° C., are obtained.

C11H3CINOs (269.64)

Rf=0.36 (ethyl acetate/petroleum ether 60/40)

(b)
6-(4-chloro-3-nitro-phenyl)-4,5-dihydro-3-hydrox-
ymethyl-3(2H)-pyridazinone

21.6 g (0.08 mol) of the tetrahydrofuranone obtained
as under (a) and 25 mi (0.4 mol) of hydrazine hydrate
(80% in water) are stirred together in 200 ml of glacial
acetic acid at 80° C. for two hours. The reaction mixture
18 left to cool and stirred into an ice bath to complete
crystallization. 20.5 g (82% of theoretical) of a slightly
yellowish solid melting at 236° to 238° C. are obtained
after suction filtration.

C11H10CIN304 (283.67)

Rf=0.41 (dichloromethane/methanol 95/5)
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(c)
6-[4-(4-ethoxycarbonyl-piperazin-1-yl)-3-nitro-phenyl}-
4,5-dihydro-5-hydroxymethyl-3(2H)-pyridazinone

3.12 g (10 mmol) of the pyridazinone from stage (b)
are reacted with 7.91 g (50 mmol) of 1-ethoxycarbonyl-
piperazine in a manner analogous to Example 1.
~ After recrystallization of the crude product from
ethanol, 2.0 g (49% of theoretical) of an orange co-
loured powder, m.p. 163.5°-164° C., are obtained.

Ci1sH23Ns0¢ (405.41)

Rf=0.30 (ethyl acetate/methanol 95/5)

EXAMPLE 27

6-[3-nitro-4-(1-piperazinyl)-phenyl]-4,5-dihydro-5-
hydroxymethyl-3(2H)-pyridazinone

NO»

CH,OH

19.86 g (0.07 mol) of 6-(4-chloro-3-nitro-phenyi)-4,5-
dihydro-5-hydroxymethyl-3(2H)-pyridazinone are re-
acted with 18.1 g (0.21 mol) of piperazine in a manner
analogous to Example 1.

16.17 g (69% of theoretical) of an orange red powder,

m.p. 182° to 184° C,, are obtained after recrystallization
from ethanol.

Ci15sH19NsO4 (333.35)
Rf=0.1 (ethyl acetate/methanol/NH3 80/ 12/2)

EXAMPLE 28

6-[3-cyano-4-(4-ethoxycarbonyl-piperazin-1-yl)phenyl]-
4,5-dihydro-5-methyl-3(2H)-pyridazinone

CH3CH20—(|ZI‘.—N N \
o -/
(a)
6-(4-chloro-3-cyano-phenyl)-4, 5-dlhydr0-5-methyl-
3(2H)-pyridazinone

A suspension of 5.0 g (21 mmol) of 6-(3-amino-4-

chlorophenyl)-4,5-dihydro-5-methyl-3(2H)-pyridazi-

none in 160 ml of water and 16 ml of conc. hydrochloric
acid 1s diazotised with a solution of 1.5 g (21 mmol) of
sodium nitrite in 10 ml of water at 0° C. The diazonium
salt solution i1s then neutralized with K,CO3 and added
portionwise at 0° C. to a thoroughly stirred solution of
2.8 g (31.5 mmol) of CuCN and 6.3 g (96 mmol) of KCN
in 100 ml of water. The reaction mixture 1s then left to

~warm up to room temperature and the solid which

precipitates is separated by suction filtration after 12
hours. The filtrate i1s extracted with CHCl;/CH1OH
(80/20 vv), the organic phase is concentrated by evapo-
ration and the residue is combined with the filter cake.
After recrystallization from methanol, 2.6 g (50% of
theoretical) of colourless crystals, m.p. 208°-209.5° C,,
are obtained.
Ci12H1oN3ClO (247.68)
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Rf=0.62 (dichloromethane/methanol 95/5)

(b)
6-[3-cyano-4-(4-ethoxycarbonyl-piperazin-1-yl)phenyi]-
4,5-dihydro-5-methyl-3(2H)-pyridazinone

1.5 g (6.1 mmol) of the chlorocyanophenyipyridazi-
none from stage (a) and S ml of 1-ethoxycarbonylipiper-
azine are together heated to 170° C. for 5 hours. After
the reaction mixture has cooled, it is poured oui on
water and extracted with ethyl acetate and the com-
bined organic phases are concentrated by evaporation
under vacuumni.

The residue is chromatographed on silica gel (sol-
vent: dichloromethane/methanol 96/4). The main frac-
tions are combined and the residue is crystallized from
a small quantity of ethanol (99.7%).

0.8 g (35% of theoretical) of colourless crystals, m.p.
146.0°-146.6° C., are obtained.

Ci19H33N503 (369.43)

Rf=0.50 (dichloromethane/methanol 95/5)

EXAMPLE 29

6-[4-(4-aminomethyl-piperidin-1-yl)-3-nitro-phenyl]-
4,5-dihydro-5-methyl-3(2H)-pyridazinone

HoNCH»>

(2)
6-[4-(4-phthalimidomethyl-piperidin-1-yl)-3-nitro-
phenyl]-4,5-dihydro-5-methyl-3(2H)-pyridazinone

2.68 g (10 mmol) of 6-(4-chloro-3-nitro-phenyl)-4,5-
dihydro-5-methyl-3(2H)-pyridazinone and 2.81 g (10
mmol) of 4-phthalimidomethyl-piperidine hydrochlo-
ride are suspended in 30 ml of dioxane. After the addi-
tion of 2.8 ml (20 mmol) of triethylamine, the mixture is
boiled under reflux for 4 hours. After it has cooled to
room temperature, the solution is filtered from the resi-
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due and concentraied by evaporation under vacuum. 45

After recrystallization of the solid residue from acetoni-
trile, 3.76 g (79%) of an orange yellow solid, m.p.
256°-258° C., are obtained.

Cz5H35NsO5 (475.51)

Rf=0.45 (dichloromethane/methanol 95/5)

. (b)
6-[4-(4-aminomethyl-piperidin-1-yl)-3-nitrophenyl]-4,5-
dihydro-5-methyl-3(2H)-pyridazinone

3.0 g (6.3 mmol) of the phthalimido compound {rom
stage (a) and 1.5 ml (33.3 mmol) of hydrazine hydrate
(99%) are boiled under reflux in 50 ml of ethanol for 2
hours. After the reaction mixture has cooled to room
temperature, it is fiitered and the filtrate 1s concentrated
by evaporation under vacuum. The residue obtained is
taken up with 20 ml of water and the solution is adjusted
to pH 1 with 2N hydrochloric acid and again filtered.
The filtrate obtained is adjusted toc pH 10 with conc.
ammonia. An orange yellow solid then precipitates,

50

33

60

which is suction filtered and recrystallized from 65

acetonitrile/ethanol (7:1). 1.16 g (53%) of an orange
yellow solid, m.p. 131° to 132° C. are obtained.
C17H73N503 (345.40)

24

(ethyl acetate/ethanol/conc.

Rf=0.57 ammonia

15/10/2)

EXAMPLE 30

6-[4-[4-(4-aminobutyl)-piperazin-1-yl}-3-nitro-phenyl]-
5-methyl-4,5-dihydro-3(2H)-pyridazinone

H>oNCH,CH>CH,CH»N

(a)
5-methyl-6-{3-nitro-4-{4-[4-(1-phthalimido)butyl]-piper-
azin-1-yl|phenyl]-4,5-dihydro-3(2H)-pyridazinone

56 g (17.7 mmol) of 35-methyl-6-[3-nitro-4-(1-
piperazinyl)phenyl]-4,5-dihydro-3(2H)-pyridazinone
are reacted with 5.0 g of N-(4-bromobutyi)-phthalimide
in a manner analogous to Example 24(a). 6.94 g (76% of
theoretical) of an orange coloured powder, m.p.
179°-180° C., are obtained.

Cy7H30NgO5 (518.58)

Rf=0.62 (ethyl acetate/methanol/ammonia 80/18/2)

(b)
6-[4-{4-(4-aminobutyl)-piperazin-1-yl]-3-nitro-phenyl]-
S-methyl-4,5-dihydro-3(2H)-pyridazinone

6.64 g (12.8 mmol) of the compound obtained under
(a) are reacted with 1.92 g (38.6 mmol) of hydrazine
hydrate (99%) in a manner analogous to Example 24(b).

The yield of the title compound obtained in the form
of orange crystals of melting point 145°-146" C.1s 4.2 g
(85% of theoretical).

Ci19H28N¢O3 (388.47)

Rf=0.28 (dichloromethane/methanol/ammonia
85/13/2) |

EXAMPLE 31}

6-[3-cyano-4-(1-piperazinyl)phenyl}-4,5-dihydro-5-
-methyl-3(2H)-pyridazinone

CN CH3
HN N \ =0
_/ N — N
H

10.0 g (40.4 mmol) of 6-(4-chloro-3-cyano-phenyi)-
4,5-dihydro-5-methyl-3(2H)-pyridazinone are reacted
with 10 g of piperazine in a manner analogous to Exam-
ple 1.

Recrystallization from ethanol yields 9.8 g (82% of
theoretical) of a colourless powder of m.p. 188°-189° C.

C16H19NsO (297.36)

Rf=0.37 (dichloromethane/methanol/ammonia
85/13/2)
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EXAMPLE 32

6-[4-(4-aminopiperidin-1-yl)-3-nitro-phenyl]-5-methyl-
4,5-dihydro-3(2H)-pyridazinone

NO, CH3z
N-—N
H

S g (13 mmol) of 4-(4-chloro-3-nitro-phenyl)-5-
methyl-4,5-dihydro-3(2H)-pyridazinone are boiled
under reflux with 3.0 g (13 mmol) of 4-(1-phthalimido)-

piperidine and 4 mi of pyndme in 100 ml of dioxane for
8 hours.

The dioxane is distilled off under vacuum, 100 ml of
ethanol and 3.2 mil of hydrazine hydrate are added to
the residue and the mixture is heated under reflux for a
further 3 hours.

Water is then added and the mixture is made strongly

alkaline with NaOH solution (pH 12).

After extraction with chloroform and evaporation of
the solvent under vacuum, a dark brown oil is left be-
hind which is chromatographed on silica gel (solvent:
ethyl acetate/methanol/NH3 80/18/2).

The main fractions are combined and concentrated
by. evaporation and the residue is recrystallized from
methanol. 560 mg (13% of theoretical) of the title com- 30
pound are obtamed as orange crystals, m.p. 151° to 153“’
C.

Ci6H21NsO3 (331.38)

Rf=0.12 (ethyl acetate/methanol/ammonia 80/18/ 2)

EXAMPLE 33

6-[3-nitro-4-[4-[4-(1-phthalimido)butyryl]piperazin-1i-
yl]phenyl]-5-methyl-4,5-dihydro-3(2H)-pyridazinone

15

20

8.0 g (31.8 mmol) of 4-(1-phthalimido)-butyric acid
chloride are rapidly added dropwise to a slurry of 10.9 55
g (31.5 mmol) of 5-methyl-6-[3-nitro-4-(1-piperazinyl)-
phenyl]-4,5-dihydro-3(2H)-pyridazinone in 80 ml of
pyridine.

After 8 hours at room temperature, the reaction mix-
ture is poured out on 700 ml of water, stirred for a 60
further 2 hours at room temperature and suction filtered

to separate the sohd and the filter cake is washed with
water.

After drying under vacuum, the title compound is
obtained in a yield of 14.4 g (86% of theoretical) as a 65
yellow powder melting at 125°-126" C.

C27H28N706 (532.56)

Rf=0.63 (ethyl acetate/methanol/ammonia 80/18/2)
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EXAMPLE 34

6-[3-amino-4-[4-(2-pyrimidyl)-piperazin- 1-yl}phenyl]-
4,5-dihydro-5-methyl-3(2H)-pyridazinone

NH, CH;
=N/
(RO
N N—N

2.5 g (6.3 mmol) of 6-[3-nitro-4[4-(2-pyrimidyl)-piper-
azin-1-yl]-phenyl]-4,5-dihydro-5-methyl-3(2H)-
pyridazinone in 130 ml of methanol are hydrogenated
under a hydrogen pressure of 5 bar in the presence of
0.3 g of palladium on active charcoal (10% Pd) at 50° C.
for 3 hours. After removal of the catalyst by suction
filtration, the filtrate is highly concentrated by evapora-
tion under vacuum and the residue obtained is chro-
matographed on silica gel, using dichloromethane/me-
thanol (95:5) as solvent. After concentration of the
product fractions by evaporation, the residue obtained
is crystallized with acetone. 0.70 g (30%) of pale beige
crystals, m.p. 220° to 221° C., are obtained.

C19H23N70 (365.44)

Rf=0.15 (dlchloromethane/ methanol 95/5)

EXAMPLE 35

6-[3-fluoro-4-(piperazin-1-yl)-phenyl]-4,5-dihydro-5-
methyl-3(2H)-pyridazinone

F CH;
/T \
HN N \

—_/

NO» CH;j
@:\NCHz(JHzCHzﬁ-N N \
Q \_/ N =

5.0 g (22.3 mmol) of 6-(3,4-difluorophenyl)-4,5-dihy-
dro-5-methyl-3(2H)-pyridazinone and 192 g (222
mmol) of piperazine are stirred at 160° C. for 15 hours.
When the reaction mixture has cooled down, it 1s taken
up with 200 ml of dichloromethane and washed with
330 ml of water. After drying, the organic phase is
concentrated by evaporation and the residue is crystal-
lized with methanol. The solid obtained is suction fil-
tered and recrystallized from ethyl acetate. 3.5 g (54%)
of colourless crystals, m.p. 172°-174° C., are obtained.

C15sH19FN4O (290.34)

Rf=0.53 (methanol/conc. ammonia 95/5)
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EXAMPLE 36

6-[4-(4-ethoxycarbonyl-piperazin-1-yl)-3-fluoro-
phenyl]-4,5-dihydro-5-methyl-3(2H)-pyridazinone

CH3CH;0~—C—N 10

I
O

1.2 g (8.6 mmol) of potassium carbonate are added to
a solution of 1.0 g (3.4 mmol) of 6-[3-fluoro-4-(pipera-
zin-1-yl)-phenyl]-4,5-dihydro-5-methyl-3(2H)-pyridazi-
none in 10 ml of acetone and 10 ml of water. When the
suspension has cooled down to 0° C., 0.42 mi (4.4 mmol)
of ethyl chloroformate are added and stirring is contin-
ued for 30 minutes. The precipitated solid is suction
filtered, washed with 10 ml of acetone-water mixture
and recrystallized from 40 ml of acetonmitrile. 0.73 ¢
(60%) of a colourless solid, m.p. 193°~194° C., are ob- 2°
tained.

Ci13H23FN4O3 (362.41)

Rf=0.40 (dichloromethane/methanol 95/5)
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EXAMPLE 37 0

6-{4-[(3-aminopropyl)amino]-3-nitro-phenyl]-4,5-dihy-
dro-5-hydroxymethyl-3(2H)-pyridazinone

35

NO; CH>,0OH

H>oNCH-CH,>CH>;NH \

14.0 g (50 mmol) of 6-(4-chloro-3-nitro-phenyl)-4,5-
dihydro-5-hydroxymethyl-3(2H)-pyridazinone are
heated to 60° C. together with 50 ml of 1,3-diaminopro-
pane in 40 ml of dioxane for 8 hours.

The reaction mixture is then poured out on 200 mi of
ice water and left to crystailize with cooling.

After suction filtration and washing of the filter cake
with water and ethanol, an orange coloured solid melt-
ing at 180° to 181° C. is obtained in a yield of 14.05 g
(87% of theoretical).

Ci1aH19NsO4 (321.34)

Rf=0.17 (dichloromethane/methanol/NH3 85/13/2)

We claim:

1. A 6-(4-piperazino)-phenyl-4,5-dihydro-3(2H)-
pyridazinone, comprising

435

30

55

65

R3=—N N

_/

wherein R! is nitro or cyano; R? is selected from the
group consisting of hydrogen, methyl and hydroxy-
methyl and R3 is selected from the group consisting of
a C1-C¢ alkyl group, a C1-Cg alkyl group substituted
with amino or hydroxy, a phenyl group, a naphthyl
group, a heteroaryl group wherein the hetero atom is
selected from the group consisting of O, S and N, a
substituted such aryl or heteroaryl group wherein the
substituents are selected from the group consisting of
halogen, C1-Cj3 alkyl and C1-C; alkoxy, a cyano group,
an acyl group with the proviso that, when said acyl
group 1s aroyl, the aroyl ring may be substituted with
substituents selected from the group consisting of halo-
gen, C1-C3 alkyl and C{-C; alkoxy, a carbonyl group
and a C1-Cg¢ alkoxycarbonyl group, and a physiologi-
cally acceptable salt thereof.

2. A 6-Phenyldihydro-3(2H)-pyridazinone corre-
sponding to the formula

R! (I}

/[ \

R3—=N N \

-/

in which R! denotes a nitro or a cyano group, R? de-
notes a hydrogen atom or a methyl group and R3 stands
for an ethoxycarbonyl or an acetyl group, and the phys-
iologically acceptable salts thereof.

3. A 6-phenyldihydro-3(2H)-pyridazinone according
to claim 2, consisting of 6-[4-(4-ethoxycarbonyl-pipera-
zin-1-yl)-3-nitro-phenyl}-4,5-dihydro-5-methyl-3(2H)-
pyridazinone. -

4. A 6-phenyldihydro-3(2H)-pyridazinone according
to claim 2, consisting of 6-[4-(4-ethoxycarbonyl-pipera-
zin-1-yl)-3-nitro-phenyl}-4,5-dihydro-3(2H)-pyridazi-
none. -

5. A 6-phenyldihydro-3(2H)-pyridazinone according
to claim 2, consisting of 6-[4-(4-acetyl-piperazin-1-yl)-3-
nitro-phenyl}-5-methyl-4,5-dihydro-3(2H)-pyridazi-
none.

6. A 6-phenyldihydro-3(2H)-pyridazinone according
to claim 2, consisting of 6-[3-cyano-4-(4-ethoxycarbo-
nyl-piperazin-1-yl)phenyl]-4,5-dihydro-5-methyl-3(2H)-
pyridazinone.

7. Pharmaceutical preparation, characterised in that it
contains a compound according to claim 2 together

with at least one inert, pharmaceutically acceptable

carrier or diluent.
*x * x * x
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